The pH dependent Cu(II) and Zn(II) binding behavior of an analog methanobactin peptide.
The pH dependent reactivity of an analog methanobactin peptide (amb) with the sequence acetyl-His1-Cys2-Gly3-Pro4-His5-Cys6 (Mw = 694.79 Da) was investigated for its binding ability for a series of biologically active metal ions using ion mobility-mass spectrometry. Cu(II), Zn(II) and, to a lesser extent, Ni(II) were observed to form complexes with amb from 1 : 1 molar equivalent amb:metal(II) solutions at pH > 6, indicating the deprotonation of the imidazole N of His (pKa = 6.0) must occur to allow the initial anchoring of the metal(II) ion. The amb-metal(II) complexes were observed as both positive and negative ions, although the Zn(II) complexes preferred forming an overall negative ion complex which is consistent with the two thiolate groups of Cys2 and Cys6 being involved in Zn(II) coordination. The Cu(II) addition, however, always resulted in a Cys-Cys disulfide bridge in both Cu-free amb and Cu-bound amb, which excluded thiolate coordination to Cu(II). Collision cross- section measurements showed the Zn(II) and Cu(II) negative ion complexes were smaller than the positive ion complexes, suggesting Zn(II) binds most compactly via the imidazole N of His and the thiolate groups of Cys, whereas Cu(II) binds most compactly via the imidazole N of His and two deprotonated N of two amide groups on the peptide backbone. The lowest energy structures from the B3LYP/LanL2DZ level of theory showed the functional groups of His5, Cys2 and Cys6 coordinated to Zn(II), whereas the His1 and the amide nitrogens of Cys2 and Gly3 coordinated to Cu(II), producing an overall negative charged complex. The positive ion complexes of Zn(II) and Cu(II) were both shown to coordinate via the two imidazole nitrogens of His1 and His5 and either the oxygen of the backbone carbonyl of Cys6 or the oxygen of the C-terminal, respectively.